Muscle activation patterns depend on many factors. Surface electromyography (SEMG) can reveal these patterns in subjects of diff erent ages and health states. We studied patterns of muscle activation in two groups of subjects -healthy young women (as a control group) and patients with ankylosing spondylitis.
INTRODUCTION
Muscle activation patterns depend on many factors, such as neurophysiological and biomechanical ones, types of movement, and on many others. Patients with ankylosing spondylitis (AS) are limited in the range of motion of the spinal column for its progressive structural changes and for pain. These factors can play a role in the modifi cation of muscle activation patterns in these patients. Polyelectromyography is an experimental technique concerned with the recording and analysis of myoelectric signals (Konrad, 2005) , mainly during the process of an active movement. Sequences of muscle activation and/or patterns of muscle activation were assessed in our study with the use of surface electromyography (SEMG). We studied patterns of muscle activation in two groups of subjects -healthy young women (as a control group) and patients with ankylosing spondylitis. Patterns of muscle activation depend on the primary position of the foot while standing up (Trew & Everett, 1997) . Similarly the position of a foot can infl uence the pattern of muscle activation while sitting down. Véle (1997) presents movement as such as an individual process, which depends on sensorimotor experience and it can be variable in individual human subjects. Therefore, sitting down can be variable and it diff ers between healthy young women (as controlswithout any restriction of their spinal range of motion) and patients with ankylosing spondylitis while sitting down.
The main aim of this study was to register and compare muscle activation patterns while sitting down with the use of SEMG in the above mentioned two groups of subjects under study, in four situations with various positions of the lower and upper limbs.
MATERIAL AND METHODS
The whole group of subjects under study included 28 subjects, divided into two groups of diff erent age: 1) 12 healthy younger women as a control group (C) (with a mean age of 21.6 years); 2) and 16 patients with ankylosing spondylitis -11 men and 5 women (ASthere was a mean age of 51.8 years). Muscle activity was registered with the use of an 8-channel SEMG (Noraxon -Myosystem 1400A, with a sampling frequency of 1000 Hz, while the resistance of the SEMG recorder was > 10 MΩ). A test of laterality was used for the determination of the dominant lower limb (Wai-Hang, 2004) . We tested the following muscles bilaterally while sitting down (l as one of their daily activities) (Hof et al., 2002; William et al., 2002; Noraxon-Myosystem 1400) . Using the programme MyoResearch XP Master Version 1.03.05. We chose these muscles for observing their postural reaction while sitting down, which is one of their daily performed motor tasks. We studied four muscles at a diff erent level, which play an important role while sitting down:
• The tibialis anterior muscle (TA): the ventral side of the lower leg, just lateral from the tibia.
• The medial head of the gastrocnemius muscle (MG):
the middle of the muscle bulge.
• The gluteus maximus muscle (GM): on s line between the greater trochanter bone and the sacrum.
• The erectores spinae muscles (ES): at the level of L 2 -L 3 .
Two electrodes (Ag/AgCl) were attached to every muscle, the distance between electrodes was 1 cm and the size of each electrode was 24 mm.
The onset of each individual muscleʼs activity was determined by calculating the sum of the mean value of the EMG baseline activity of each muscle at rest plus 10% of the maximum amplitude value of the same muscle (peak) (threshold = mean + 10% peak) (De Luca, 1993; Smékal et al., 2005) . The falling down of each individual muscle was assessed analogically. For recognizing the pattern of muscle activation we detected the fi rst muscleʼs activation and than a sequence of the activation of the other ones. In situations with a time diff erence between the onset of muscle activation of less than 10 ms, it was considered to be synchronous onset of muscle activity.
We studied the subjects with various positions of the lower and upper limbs:
• Standing with feet at hip width apart, the hands were freely suspended and sitting down was performed without pushing with the hands on the anterior aspect of the thigh (the hands were hanging freely): P-.
• Standing with the feet hip width apart, their hands were freely suspended and sitting down was performed while pushing with the hands on the anterior aspect of the thigh: P+.
• Standing with the feet hip width apart, the hands were freely suspended and sitting down was performed without pushing with the hands on the anterior aspect of the thigh with the dominant leg forward (the hands were hanging freely): PD-.
• Standing with the feet hip width apart, the hands were freely suspended and sitting down was performed without pushing with the hands on the anterior aspect of the thigh with the non-dominant leg forward (the hands were freely hanging): PN-.
RESULTS
In the situation in which they were sitting down with their feet hip width apart without pushing with their hands on the anterior aspect of the thigh (P-), the medial head of the gastrocnemius muscle was activated as the fi rst one, and the erectores spinae muscles were activated as the second muscles in a group of healthy young women on the dominant lower limb. On the non dominant leg, erectores spinae muscles were activated as the fi rst ones, followed by the gastrocnemius muscle. Activation of the tibialis anterior muscle and gluteus maximus muscle followed it with a relatively greater delay (Fig. 1) .
A similar pattern of muscle activation (sequence of activation -timing) was revealed in patients with ankylosing spondylitis in both lower limbs. The medial head of the gastrocnemius muscle and the erectores spinae muscles were activated as the fi rst ones, and the tibialis anterior muscle and the gluteus maximus muscle were activated afterward with a delay (Fig. 1) .
The early activation of the medial head of the gastrocnemius muscle and the erectores spinae muscles was revealed in a high percentage of the subjects from both groups under study with limbs in the P-position. A late activation of the gluteus maximus muscle was registered in a high percentage of the subjects from both groups with the same position of their limbs (P-). A tendency to a later activation of the tibialis anterior muscle was detected in a group of healthy young women.
The gluteus maximus muscle and erector spinae muscles were activated as the fi rst ones on the dominant lower limb in healthy young women (Fig. 2) with the limbs in the following position: standing with their feet hip width apart, while pushing with their hands on the anterior aspect of the thigh (limb position P+).
Muscle activation in patients with ankylosing spondylitis with their limbs in the following position: while pushing with their hands (P+) was similar to the sequence of activation in these patients with their limbs in the position without pushing on them with their hands (P-) (Fig. 2) .
A higher percentage of an early activation of the erector spinae muscles was revealed in both groups of subjects under study in limb position P+ in comparison with P-.
A higher percentage of the late activation of the tibialis anterior muscle was registered in both groups of subjects under study in limb position P+ than in position P-.
Fig. 1
Standing with feet hip width apart without pushing with the hands on the anterior aspect of thigh (P-), patterns of muscle activation (according to the order of the onset of muscle activity, expressed in per cent) Legend: TA -tibialis anterior muscle, MG -medial head of the gastrocnemius muscle, GM -gluteus maximus muscle, ES -erectores spinae muscles, 1., 2., 3., 4. -an order of the muscle activation (timing), 0 -without EMG activity Legend: TA -tibialis anterior muscle, MG -medial head of the gastrocnemius muscle, GM -gluteus maximus muscle, ES -erectores spinae muscles, 1., 2., 3., 4. -an order of the muscle activation (timing), 0 -without EMG activity Timing (the sequence of activation) of the medial head of the gastrocnemius muscle revealed a great variability in both groups.
A high percentage of the early activation of the erector spinae muscles was shown in both groups of subjects under study in limb position PD-, more frequently in healthy young women than in patients. The order of the activation of the gluteus maximus muscle was variable in both groups. In a high percentage of healthy young women a later activation of the tibialis anterior muscle than in patients with ankylosing spondylitis was revealed.
Early activation of the erector spinae muscles was revealed in both groups under study in a standing position, with feet hip width apart without pushing with the hands on the anterior aspect of the thigh, with the non-dominant leg forward (PN-). It was registered more frequently in a group of healthy women in comparison with patients with ankylosing spondylitis. A late activation of the medial head of the gastrocnemius muscle was registered in a group of healthy young women in the same limb position (PN-). The sequence of muscle activation was variable in our patient's group.
The duration of the sitting down process lasted longer in patients with ankylosing spondylitis than in healthy controls in all examined situations (TABLE 1) .
DISCUSSION
Various positions of the lower and upper limbs infl uenced muscle activation patterns (timing, sequence of muscle activation) while sitting down. It was registered that the medial head of the gastrocnemius muscle and/or the erector spinae muscles were activated as the fi rst ones in both groups of the subjects under study in most of the studied postural situations (with diff erent limb positions). Various indices of the SEMG should be used for a registration of muscle activation while sitting down. We used a moment of the onset of muscle activity; other authors used a maximal voluntary contraction (MVC) (Ferrante et al., 2005) . The medial head of the gastrocnemius and gluteus maximus muscles always showed a higher MVC while standing up than while sitting down (Ferrante et al., 2005) . We could not compare our results fully with the results of other studies due to diff erences in the assessment of the moment of the onset of muscle activation used by other authors. Heinonen et al. (2005) found that the activity of the erector spinae muscles was signifi cantly greater in patients with AS than in control subjects. Hase et al. (2004) found that during an initial phase of sitting down, and a decreased activation of the erectores spinae muscles and an increased activation of the tibialis anterior muscle and gastrocnemius muscle were registered. Sitting down requires a high degree of postural control and it is without visual control. The tibialis anterior muscle probable works as a brake during the last phase of sitting down. The sequence of muscle activation was used in coordination with a proximodistal strategy in young women.
We registered differences in timing (sequence of muscle activation) among diff erent studied body and limb positions (P-, P+, PD-, and PN-). We were able to observe a great variability in the sequence of muscle activation depending on the positions of the upper and Legend: TA -tibialis anterior muscle; MG -medial head of the gastrocnemius muscle; GM -gluteus maximus muscle; ES -erectores spinae muscles; C -controls (young healthy women); AS -patients with ankylosing spondylitis; PD--standing with feet hip width apart without pushing with the hands on the anterior aspect of the thigh, dominant leg forward; PN--standing with feet hip width apart without pushing with the hands on the anterior aspect of the thigh, non-dominant leg forward; P+ -standing with feet hip width apart while pushing with the hands on the anterior aspect of the thigh; P--standing with feet hip width apart without pushing with the hands on the anterior aspect of the thigh lower limbs. No unique or typical patterns of muscle activation were registered in both of the groups under study while sitting down.
CONCLUSION
Multi channel surface electromyography provided detailed information about the onset of muscle activation during the maneuver of sitting down, and, furthermore, it revealed diff erences in muscle activation between healthy subjects (controls) and patients with musculoskeletal (locomotor) system involvement (ankylosing spondylitis). Diff erent positions of the lower and upper limbs led to diff erent sequences of muscle activation. Unique or typical patterns of muscle activation were not found in neither of the groups under study.
